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(3) System for testing on-wafer devices. 



@ A test system for testing semiconductor de- 
vices on a semiconductor wafer using a flexible 
membrane probe includes, a test system com- 
puter ; at least one test head (12, 13) connected 
to the test system computer; and at least one 
test probe (18, 19, 20, 21), connected to the test 
head, the test probe having a plurality of flexible 
membranes (22, 23, 24, 25) with a number of 
contacts thereon in number equal to the num- 
ber of contacts on all the devices on the semi- 
conductor wafer. 
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FIELD OF THE INVENTION 

This invention relates to semiconductor devices, 
and more particularly to a system for testing semicon- 
ductor prior to separation from the semiconductor wa- 
fer. 

CROSS REFERENCED INVENTION 

This invention uses technology similar, in part, to 
copending patent application Serial No. 

, filed April , 1990, enti- 

tled PROBE CARD FOR TESTING OF SEMICON- 
DUCTOR DEVICES (TI14159). 

BACKGROUND OF THE INVENTION 

Integrated circuits, Hybrid devices and packaging 
interconnects are all increasing in size and complex- 
ity. Large area devices and substrates with high I/O 
pin counts are becoming more common. One problem 
with large devices is that it is becoming more difficult 
to electrically test the circuits. As the density and num- 
ber of I/O on a circuit increase, conventional probe 
cards become more difficult to construct and maintain. 
For large ASIC devices, the number of I/O pads may 
exceed the maximum density of probes which can be 
accommodated on a conventional probe card. With 
some applications, such as probing hybrid substrates 
or packaging interconnects, an area array of probe lo- 
cations would be desirable, nut impossible to test with 
current technology. In addition to these problems of 
probe card complexity, the cost of a probe card in- 
creases dramatically as the prone count increases. 

Standard electrical probing methods for semicon- 
ductor devices utilize needle or "blade" probe cards to 
provide electrical contact between the test system 
and the device. Tungsten needles are soldered onto 
an epoxy board around the perimeter of a hole cut in 
the probe card. The fabrication of these probe cards 
is more of an art than a manufacturing technique in 
that each probe point must be individually soldered to 
the card, and carefully aligned to a test pad on the de- 
vice. The planarity and relative position of the needle 
tips are critical to successful probing of a device. Dur- 
ing use, each contact of the probe tips to the test pads 
causes the needles to be slightly deformed, eventual- 
ly resulting in the probe card needing repair. This la- 
bor intensive method of making and maintaining 
probe cards causes the price of the card to be high, 
increasing in cost as the number of probe tips in- 
crease. 

There have been some test heads made using a 
flexible membrane for testing single semiconductor 
die. Considering that a semiconductor wafer may 
have between 200 and 300 individual die, the time to 
test each die individually is time consuming. 



SUMMARY OF THE INVENTION 

The invention is to a system and apparatus for 
testing semiconductor devices at the wafer level. The 
5 system uses a flexible probe having a contact pattern 
the same as the contact pattern on all the devices on 
the wafer. The probe includes multi-layers of flexible 
membrane with interconnection conductors on the 
layers that are connected to each contact of the con- 
to tact pattern. The conductors are connected to a pin 
electronic test head that is used to provide test signals 
and voltages to the devices under test. The test head 
is connected to a test system that may be self- 
contained or connected to a mainframe test system. 
15 The technical advance represented by the inven- 
tion as well as the objects thereof will become appa- 
rent from the following description of a preferred 
embodiment of the invention when considered in con- 
junction with the accompanying drawings, and the 
20 novel features set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates a block diagram of a test 
25 system using multiple probe cards; and 

FIGURE 2 illustrates a wafer level probe card. 
FIGURE 3 is a partial cross section view of the 
probe card of Figure 2. 

30 DESCRIPTION OF A PREFERRED EMBODIMENT 
OF THE INVENTION 

Figure 1 illustrates a test system for testing mul- 
tiple wafers and testing each semiconductor device 

35 prior to separatio n from th e wafer. Test syste m 1 0 has 
a backplane 11 that is interconnected to two test 
heads 12 and 13. Each test head has the pin electron- 
ics capable of sending test signals and voltages to a 
wafer probe. Test head 12 is connected to probe 

40 cards 18 and 19. by cables 14 and 15 respectively. 
Each test probe, 18 and 19, has a flexible membrane 
22, 23 that has the same number of contacts thereon 
as the number of contacts for all the devices on a wa- 
fer under test. 

45 Test head 13 has two probe test cards 20 and 21 
connected by cables 16 and 17 , respectively. Test 
probe cards 20 and 21 each have the flexible mem- 
branes 24 and 25 which also have a contact pattern 
thereon. With the test system illustrated, four wafers 

so may be test at one time. Four is not a limitation. The 
only limitation is the number of pin electronics and test 
probe card in the system. 

Test system 10 may be a dedicated test system 
or may interface to a central computing system. An in- 

55 terface 26 is shown connecting the test system to a 
central computer system. 

Figure 2 illustrates a test probe card having a sup- 
port member 31 holding membrane 32. Membrane 32 
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has an array of contacts 34 pattern the same as the 
contacts as the semiconductor wafer to be tested. 
Connected to the contacts are conductors 33. There 
is one conductor for each contact. The conductors are 
connected to a test head. Within the test head, the 
conductors may be multiplexed so that a set of pin 
electronic may be used to test a plurality of devices. 

Flexible membrane 32 is actually several layers, 
each layer having a plurality of conductors 33 thereon. 
Several layers are necessary to provide for the num- 
ber of conductors required. The flexible material may 
be, for example, polyimide. 

Figure 3 shows a layer of membrane 40 with a 
conductor trace 41 thereon and a bump contact 42. 
Since membrane 40 is free to flex around each con- 
tact 42, any non-planarity in a contact on the wafer is 
compensated. 

In operation, a probe test card is brought into en- 
gagement with a semiconductor wafer, each contact 
on the probe card engaging a respective contact on a 
device on the wafer. Downward pressure is exerted 
on the support member 31 to engage the contacts on 
the probe card with the contacts on the wafer. Be- 
cause the membrane on which the probe card con- 
tacts resides is flexible, contact will be made between 
all the contacts on the probe card and all the contacts 
on the wafer. 

Each device on the wafer under goes a series of 
test as determined by the test system 10, and as in- 
terconnected by the tests heads 12 and 13. Each test 
head supplies the required voltages and signals for 
testing at least two probe test cards. Multiple test 
heads provide the capability to test a plurality of wa- 
fers at one time. 



Claims 

1. A test system for testing semiconductor devices 
on a semiconductor wafer using a flexible mem- 
brane probe, comprising; 

a test system computer; 

at least one test head connected to the test 
system computer; and 

at least one test probe, connected to the 
test head, the test probe having a flexible mem- 
brane with a number of contacts thereon in num- 
ber equal to the number of the contacts on all the 
devices on the semiconductor wafer. 

2. The test system according to claim 1 , wherein the 
flexible membrane is a multi-layer membrane 
having conductors on each layer for interconnect- 
ing the contacts on the membrane with the at 
least one test head. 

3. The test system according to claim 1 , wherein the 
pattern for the contacts on the test probe is the 



same pattern as all the contacts on the semicon- 
ductor wafer being tested. 

4. The test system according to claim 1 , wherein the 
5 test probe has a frame extending at least partially 

around the flexible membrane to apply a positive 
downward pressure to the flexible membrane to 
engage all the contacts on the membrane with all 
the contacts on all the devices on the semicon- 
w ductor wafer under test 

5. The test system accord ing to claim 1 , wherein the 
test head multiplexes test signals and voltages 
from the test system computer to the conductors 

15 on the test probe. 

6. A test system for testing semiconductor devices 
on a semiconductor wafer using a flexible mem- 
brane probe, comprising: 

20 a test system computer; 

at least one test head connected to the test 
system computer; and 

at least one test probe, connected to the 
test head, the test probe having a plurality of flex- 
25 ible membranes with a number of contacts there- 
on in number equal to the number of contacts on 
all the devices on the semiconductor wafer. 

7. The test system according to claim 6, wherein the 
30 multilayer flexible membrane has conductors on 

each layer for interconnecting the contacts on :he 
membrane with the at least one test head. 

8. The test system according to claim 6, wherein the 
35 pattern for the contacts on the test probe is the 

same pattern as all the contacts on the semicon- 
ductor wafer being tested. 

9. The test system according to claim 6, wherein the 
40 test probe has a frame extending at least partially 

around the flexible membrane to apply a positive 
downward pressure to the flexible membrane to 
engage all the contacts on the membrane with all 
the contacts on all the devices on the semicon- 
45 ductor wafer under test 

1 0. The test system according to claim 6, wherein the 
test head multiplexes test signals and voltages 
from the test system computer to the conductors 

so on the test probe. 
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